Clinical and ultrasonographic diagnosis of acute appendicitis
Introduction
Appendicitis is one of the most common acute surgical conditions of the abdomen. 1 In the Emergency Department, appendicitis is seen in about one case per thousand per year. 2, 3 There is a 6% lifetime risk of developing appendicitis. 4 The mortality rate in nonperforated appendicitis is less than 1%, but it may be as high as 5% or more in the very young and the elderly. In these patients, diagnosis is often delayed and perforation is more common. Unfortunately, even
Pathophysiology
The vermiform appendix is a worm-like extension of the caecum and has an average length of 8-10 cm (ranging from 2-20 cm). The appendix is often located in the right lower quadrant of the abdomen. 6 However, sometimes the appendix is seen in the true pelvis or even the right upper quadrant and on rare occasions, on the left side as in cases of situs inversus. These unusual locations of the appendix are possible because the appendix has its own mesentery which lends its loose fixation. If this mesentery is not formed, the appendix can be located in the retrocaecal space and is known as a retrocaecal appendix which makes imaging difficult and at times impossible. These atypical positions occur in up to 35% of cases.
Obstruction of the appendiceal lumen is largely believed to be the primary cause of appendicitis. Obstruction may be due to impacted faecal material or hyperplasia of the submucosal lymphoid follicles. This leads to distension of the appendix which eventually leads to ineffective lymphatic and venous drainage thereby allowing bacterial invasion of the appendiceal wall and, in advanced cases, perforation. In adolescents and adults, the omentum can often wall off the inflamed or perforated appendix, resulting in a local abscess. However, in the younger child, the omentum is less well developed and less likely to wall off a perforation, making peritonitis more likely. The invasive organisms are often from the normal bowel flora which include E. Coli, Klebsiella, and Enterobacter. 7, 8 
Signs and symptoms
The signs and symptoms of acute appendicitis are outlined in Table 1 . [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The age of the patient, variations in the position of the appendix and the degree of inflammation make the clinical presentation of appendicitis notoriously inconsistent. This invariably leads to many not having all the classical symptoms during presentation. Despite these shortcomings, a careful and systematic examination of the abdomen is still essential. Fever may not be present but the mean temperature is 37.9°C. 
Laboratory studies
Laboratory tests may increase the suspicion of appendicitis but their results are often not diagnostic.
The white blood count is useful but has been known to be inconsistent among children and elderly patients with appendicitis. Unfortunately, almost any infection or inflammation can result in abnormally high white cell count. It is prudent to realise that an elevated white blood cell count alone cannot be used as a sign of appendicitis. On the other hand, a normal white blood count cannot exclude the presence of acute appendicitis. 18 It is important to consider the diagnosis together with other clinical features and other investigations such as ultrasound findings.
C-reactive protein test relies on the fact that C-reactive protein is an acute-phase reactant synthesised by the liver in response to bacterial infection. Serum levels usually begin to rise within 6-12 hours of acute tissue inflammation. Unfortunately, patients who have had symptoms longer than 24 hours can have a normal Creactive protein test. Similarly, this test does not distinguish between various types of bacterial infection or sources of infection. 19, 20 As a result, C-reactive protein is not significantly more sensitive or specific than white cell count.
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Technique of ultrasonographic diagnosis
Through the years, countless clinical algorithms have been developed but with disappointing results. Many physicians have resorted to utilising various imaging modalities to improve their diagnosis of appendicitis. Patients with typical signs and symptoms of acute appendicitis are often referred promptly to surgeons for timely appendectomy. Currently, the most promising modalities are graded compression sonography (US) and computed tomography.
The advantages of utilising US are well established in the Emergency Department. The examination can be performed at the patient's bedside in a relatively short time. It is a non-invasive examination without ionising radiation, and is associated with minimal or no pain and has been shown to be accurate. [22] [23] [24] [25] There are occasions when the appendix is not visualised on US, especially in obese patients and patients with perforation and/or abscess. Although a n o r m a l a p p e n d i x i s d i f f i c u l t t o v i s u a l i s e sonographically, non-visualisation of the appendix during an ultrasound examination does not exclude the presence of appendicitis.
A linear array transducer, usually 5 or 7.5 MHz, is typically employed with the patient initially examined in the supine position. A near field focus should be utilised, and the gain minimised. Scanning should be initiated in the region of maximal pain as indicated by the patient to expedite the sonographic evaluation. This self-localisation technique has a sensitivity of 85%, specificity of 60%, and accuracy of 75% in diagnosing appendicitis. However, the self-localisation technique is of limited value with retrocaecal or perforated appendicitis due to the patient's inability to accurately localise the pain in these circumstances.
In all areas examined, it is often necessary to compress slowly but firmly the anterior abdominal wall with the ultrasound transducer to displace normal bowel loops in an effort to locate an inflamed appendix. If an apparently normal appendix is identified, a careful survey of the entire length of the appendix should be performed to avoid a false negative examination when inflammation is confined to the tip of the appendix.
Both transverse and longitudinal ultrasound images should be obtained (Figures 1-4) . In the transverse plane, alternating echogenic and hypoechoic concentric layers should be sought, corresponding to the various layers of the bowel wall. Depending on the resolution of the ultrasound machine, five distinct layers of the bowel wall can be visualised: an innermost hyperechoic layer which corresponds to the interface between the mucosa and intraluminal contents, a hypoechoic layer corresponding to muscularis mucosa, a middle hyperechoic layer corresponding to submucosa, an outer hypoechoic layer corresponding to the muscularis propria, and a peripheral hyperechoic layer corresponding to the serosa. Fluid within the appendiceal lumen appears as an inner hypoechoic central sonolucency.
The technique of graded compression US for the diagnosis of acute appendicitis was first described by Puylaer t in 1986 ( Figure 5) . 26 Using the ultrasonographic criterion of visualisation of a noncompressible appendix, Jeffrey, Laing and Townsend found that the sensitivity of US in the diagnosis of acute appendicitis was 89%, with a specificity of 95%. In the 90 patients they assessed with suspected acute appendicitis, the positive predictive value was 89% and the negative predictive value was 95%. 24 Colour Doppler and power Doppler sonography may show increased vascular flow but per forated appendicitis or abscess may show an absence of flow. The appearance of appendicitis on colour or power Doppler sonography is likely to represent a continuum which changes with time and varies with the severity of disease. However, visualisation of increased colour Doppler flow signal in the appendiceal wall is supportive of a diagnosis of appendicitis.
In the case of perforation, the ultrasound findings include thickening of adjacent bowel wall, atonic bowel loops, interloop fluid pockets, absence of tenderness on pressure application, asymmetrical Figures 1-8) Enlarged appendix with greater than 6 mm in outer-wall-to-outer-wall diameter Appendix with a single-wall diameter greater than 2 mm Non-compressible tender swollen appendix (strong indicator of non-perforated appendicitis) Dilated lumen of appendix Echogenic submucosa of the appendix Hypoechoic appendix Absence of peristalsis of the appendix Fluid filled appendix Presence of appendicolith Increased periappendiceal echogenicity Free intraperitoneal fluid Loculated pericaecal / periappendiceal fluid -perforation should be suspected However, an ovoid shape (transverse image) over the entire appendiceal length excludes the presence of acute appendicitis appendiceal wall thickening, prominent pericaecal echogenicity, echo poor region around the appendix, and fluid collections containing debris (Figures 6-8) . The sonographic findings of appendicitis are summarised in Table 2. 14,22-39
Pitfalls of sonographic examination
One of the known general limitations of ultrasonography is that it is highly operator dependent. A large body habitus can reduce visualisation of the underlying structures and an appendix in the retrocaecal location can be obscured by bowel gas. These factors reduce the reliability of sonographic examination for appendicitis. 1, 37 Sonographic false negative diagnoses may occur in patients with retrocaecal appendicitis, perforated appendicitis, presence of ascites, ileus, small bowel obstruction or with a markedly enlarged or gas-filled appendix.
Sonographic false positive diagnoses are relatively u n c o m m o n b u t m a y i n c l u d e h y d r o s a l p i n x , periappendicitis resulting from tubo-ovarian abscess or Crohn's disease, psoas muscle fibres being mistaken for an enlarged appendix, and inspissated stool mimicking an appendicolith.
Differential diagnosis
Although acute appendicitis is the most common cause of right lower quadrant pain, numerous other conditions may cause signs and symptoms that mimic acute appendicitis. Perhaps, one of the important roles of ultrasonography is to help differentiate these other causes that mimic the presentation of acute appendicitis. 
Pelvic inflammatory disease
The right Fallopian tube and ovary lie near the appendix. The most common location of infection is the Fallopian tubes. Tubo-ovarian involvement may result in ultrasound findings of cystic adnexal masses with indistinct thick walls, internal septations or complex internal echoes. Pyosalpinx may develop and appear as a tubular adnexal mass or bead-like adnexal structure.
Right-sided diverticulitis
Less frequently, diverticulum can occur on the right side of the large bowel. When a right-sided diverticulum becomes inflamed or ruptures, it can provoke inflammation that can mimic appendicitis. Ultrasound provides a useful noninvasive method for visualising the extracolic changes such as fluid collection which may appear as a circumscribed anechoic mass adjacent to the colon wall. The thickening of the bowel wall itself is depicted as an abnormally thick hypoechoic band (broader than 5 mm), surrounding an echogenic mucosa.
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Inflammatory diseases of the right upper abdomen
Fluids from the right upper abdomen may gravitate into the lower abdomen where they stimulate inflammation and mimic appendicitis. Such fluids may come from per forated duodenal ulcers, gallbladder diseases, kidney diseases or inflammatory diseases of the liver.
Epiploic appendagitis
This is caused by torsion or venous thrombosis of an appendix epiploicae with ischaemic changes. Appendices epiploicae are small pouches of peritoneum laden with fat and small vessels, protruding from the serosal surface of the colon from the caecum to the rectosigmoid junction. In acute epiploic appendagitis, at the point of maximum tenderness, ultrasound can demonstrate an echogenic ovoid mass delineated by a hypoechoic ring connected to the adjacent colon. The hyperechoic region is explained by the presence of fat but may also be due to the presence of haemorrhagic necrosis, whereas the hypoechoic rim is often due to the swelling of the serosa covered with fibrinous exudate.
Conclusion
Appendicitis remains a surgical emergency and appendicectomy remains the only curative treatment for appendicitis. Most appendicitis patients recover easily with treatment, but complications can occur if treatment is delayed or if peritonitis occurs secondary to a perforated appendix. Fortunately life-threatening complication occurs infrequently. A trained emergency physician utilising bedside ultrasound can help confirm the diagnosis of appendicitis and identifying their complications. In addition to helping the surgical management plan, bedside ultrasound can also help in identifying other causes that mimic appendicitis. [42] [43] [44] 
